Prior reports regarding the association between physical activity and subclinical cardiovascular disease have not been consistent. The authors assessed physical activity and walking pace via questionnaire among 6,482 US adults aged 45-84 years without prior clinical cardiovascular disease participating in the Multi-Ethnic Study of Atherosclerosis from 2000 to 2002. Ankle-brachial index (ABI), coronary artery calcification, and internal and common carotid intima-media thickness (IMT) were measured. Metabolic equivalent-hours/week of physical activity were calculated. These data were analyzed by using multivariable linear or relative prevalence regression in gender-specific strata. After adjustment for age, race/ethnicity, clinic site, education, income, and smoking (model 1), increasing total, moderate þ vigorous, and intentional-exercise physical activity were not associated with IMT or coronary artery calcification in either gender. These factors were associated with increased ABI (P < 0.05) in women only. Walking pace was associated favorably with common carotid IMT, ABI, and coronary artery calcification in men and with common carotid IMT and ABI in women (all P < 0.05) after adjustment for model 1 variables. These associations were attenuated and, for common carotid IMT, no longer significant when lipids, hypertension, diabetes, and body mass index were added to the model. These data suggest that walking pace is associated with less subclinical atherosclerosis; these associations may be mediated by cardiovascular disease risk factors.
The American lifestyle can be characterized as largely sedentary, with many people failing to engage in sufficient moderate-or vigorous-intensity physical activity (1) . Observational studies suggest that moderate-intensity þ vigorousintensity physical activity is protective against incident cardiovascular disease (2, 3). Of note, however, is substantially more evidence on the association between physical activity and cardiovascular disease in men than in women (3) . It is likely that physical activity reduces cardiovascular disease incidence via beneficial effects on important cardiovascular disease risk factors including lipids, diabetes, hypertension, and obesity (4) . It is plausible that moderate þ vigorous physical activity would be associated with less atherosclerosis.
However, few studies have examined the effect of physical activity on subclinical atherosclerosis measures such as carotid intima-media thickness (IMT) or coronary artery calcification (CAC). Those that have been conducted provided mixed results. Some have found no association between leisure-time or sports physical activity and carotid IMT (5, 6) , while another study reported an inverse association between leisure-time physical activity and IMT in men but not in women (7) . One study suggested that long-duration physical activity was associated with less CAC (8) , whereas others reported no association between physical activity and CAC (9, 10) . Differences in physical activity assessment techniques between studies and limitations of self-reported physical activity instruments may contribute to the heterogeneity of results across studies (11) . Gender differences may also be seen because of the greater tendency of women versus men to be inactive during leisure time (12) . There is also evidence that physical activity types differ by gender (13) .
In this paper, we examine the association between physical activity and carotid, coronary, and peripheral subclinical atherosclerosis. Physical activity was assessed by using a self-report questionnaire developed for the Multi-Ethnic Study of Atherosclerosis (MESA), which was based on an instrument developed specifically to assess physical activity among women from several race/ethnicity groups across a wide range of activities (14) .
MATERIALS AND METHODS

Study design
MESA is a population-based sample of 6,814 men and women from 4 ethnic groups. Details regarding design, recruitment, and objectives of MESA have been published previously (15) . Briefly, eligible MESA participants were defined as persons living within the defined geographic boundaries of each field center who were aged 45-84 years at enumeration via a phone interview; were black, Chinese, white, or Hispanic; and did not meet any of the exclusion criteria. Exclusion criteria included a self-reported medical history of heart attack, angina, cardiovascular procedures, heart failure, cerebrovascular disease, active treatment for cancer, or pregnancy.
Those eligible were invited to a clinic for further examination. During the baseline examination (2000) (2001) (2002) , standardized questionnaires and calibrated devices were utilized to obtain demographic data, tobacco use data, information on medical conditions, current prescription medication usage, weight, and height. Resting, seated blood pressure was measured 3 times by using a Dinamap automated oscillometric sphygmomanometer (model Pro 100; Critikon, Tampa, Florida); the last 2 measurements were averaged for analysis. Hypertension was defined on the basis of use of an antihypertensive medication or systolic/diastolic blood pressure !140/90 mm Hg. Fasting blood samples were drawn and were sent to a central laboratory for measurement of glucose and lipids (16) . Persons were considered to have diabetes if they used hypoglycemic drugs or if their fasting blood glucose was !7.0 mmol/L (126 mg/dL). Persons were considered to have impaired fasting glucose if they did not have diabetes according to the preceding criteria but their fasting blood glucose level was >5.6-<7.0 mmol/ L (!100-<126 mg/dL) in accordance with the 2004 American Diabetes Association definition (17) .
Subclinical disease measures
Chest computed tomography was performed by using either a cardiac-gated electron-beam scanner or a prospectively electrocardiogram-triggered scan acquisition at 50% of the R-R interval with a multidetector system, acquiring a block of 4 2.5-mm slices for each cardiac cycle in a sequential or axial scan mode (15) . Phantoms of known physical calcium concentration in participants were scanned twice. Scans were read centrally; measurement of CAC was calibrated against the phantom. For each scan, a total phantom-adjusted Agatston score, defined as the sum of calcium measures from the left anterior descending, circumflex, and left and right coronary arteries, was calculated; the mean score was used in these analyses.
For carotid ultrasonography, images of the right and left common carotid and internal carotid arteries were captured, including images of the near and far walls, using highresolution B-mode ultrasound (18) . Images were digitized and analyzed centrally. We defined the common or internal carotid artery IMT as the mean of all available maximum wall thicknesses across both left and right sides.
To obtain ankle-brachial index (ABI), participants rested supine for 5 minutes, then systolic blood pressure was measured in both arms and legs with the appropriate-sized arm cuff. For each leg, the systolic blood pressure in each posterior tibial and dorsalis pedis artery was measured. All pressures were detected with a continuous-wave Doppler ultrasound probe. The leg-specific ABI was calculated as the higher systolic blood pressure in the posterior tibial or dorsalis pedis divided by the higher of the 2 systolic blood pressures in the arms. For this analysis, the minimum ABI was utilized.
Physical activity survey
The MESA Typical Week Physical Activity Survey (TWPAS), adapted from the Cross-Cultural Activity Participation Study (14) , was designed to identify the time spent in and frequency of various physical activities during a typical week in the past month. The rationale for the selected time frame was the intention to capture typical activity patterns in one's daily life. The survey has 28 items in categories of household chores, lawn/yard/garden/farm, care of children/ adults, transportation, walking (not at work), dancing and sport activities, conditioning activities, leisure activities, and occupational and volunteer activities. Where appropriate, questions differentiated between light-, moderate-, and heavy-intensity activities. Respondents were asked whether they participated in these categories of activity, if yes, they answered questions regarding the average number of days per week and time per day engaged in these activities. Minutes of activity were summed for each discrete activity type, converted to hours for ease of presentation, and multiplied by metabolic equivalent (MET) level (19) . The MESA TWPAS by design had the following summary measures: total hours/ week and total MET-hours/week for the 9 physical activity categories, 3 intensity levels (light, moderate, vigorous), and total physical activity (light þ moderate þ vigorous). The survey also inquired about the typical pace at which participants walked in 5 categories ranging from very slow to brisk. For these analyses, we excluded participants who did not complete the survey (n ¼ 19) or who reported an average physical activity per day of 0 or more than 24 hours.
After reviewing the patterns of response regarding physical activity categories (e.g., few reporting vigorous physical activity), we created 3 derived variables. The first was moderate þ vigorous physical activity (sum of moderate and vigorous MET-hours/week). To capture activities typically recommended by physical activity guidelines, we also created an intentional exercise variable (sum of walking for exercise, sports/dancing, and conditioning MET-hours/ week). Finally, typical walking pace was examined with respect to subclinical atherosclerosis.
Statistical analysis
For each measure of physical activity (activity-specific and summary measures), descriptive statistics were utilized to determine the distribution of physical activity by gender. For exploratory analyses, we considered using exact quartiles of physical activity. However, for several measures, more than 25% of participants reported no activity. We therefore selected cutpoints that approximately divided participants into quartiles. The physical activity categories we created were integers 1-4, with a higher number indicating more physical activity. For walking pace, 93% of responses were in the middle 3 categories; thus, we combined the lowest 2 and highest 2 categories to create a 3-level ordinal variable (1, 2, and 3 corresponding to 0-<2, 2-3, and >3 miles per hour (1 mile ¼ 1.6 km)). All analyses were stratified by gender.
An association between physical activity categories and subclinical atherosclerosis was first assessed by analysis of variance (for continuous variables) or Pearson's chi-squared test (for prevalence of CAC). We then utilized linear regression, with common carotid IMT, internal carotid IMT, and ABI as dependent variables and physical activity measures as independent variables. For about half of the MESA participants, the Agatston score is zero (no detectable CAC). Therefore, odds ratios (as a measure of associations with a positive CAC score) estimated via logistic regression tend to be overestimates of the relative risk (20) . We utilized relative risk regression for modeling the prevalence of CAC >0 (generalized linear model, specifying a log-link, Gaussian error, and robust standard error estimates). In multivariable analyses, we first adjusted for age, race/ethnicity, pack-years of smoking, clinic site, education, and income b For all comparisons, P < 0.01 except for systolic blood pressure (P < 0.05), HDL cholesterol (P ¼ 0.1), age (P ¼ 0.7), race/ethnicity (P ¼ 0.3), and total hours of physical activity (P ¼ 0.5).
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RESULTS
The physical activity survey was completed by 6,795 (99.7%) participants. We excluded 5 who reported no physical activity and 308 who reported an average physical activity per day of more than 24 hours, resulting in a 6,482-participant sample. Their characteristics are presented in Table 1 . By design, race/ethnicity and age were balanced across gender categories. Men were more likely to report higher education and income levels, to have diabetes, and to be current or former smokers. Women were more likely to have hypertension. Carotid IMT was higher in men, as was the presence of any CAC. Few had an ABI 0.9. There were significant differences in summary physical activity measures by gender (Table 1) . Women reported fewer hours engaged in intentional exercise, and a greater proportion reported walking at a slower pace.
The relation between physical activity categories or walking pace and age, race/ethnicity, education, current smoking, and current pharmacologic treatment for diabetes, hypertension, or dyslipdemia is presented in Table 2 . For most physical activity measures and walking pace, men and women in the highest category tended to be younger, had higher educational levels, and, compared with persons who were less active or walked slower, were less likely to be taking a drug for a cardiovascular disease risk factor.
Carotid atherosclerosis measures (common carotid and internal carotid IMT), ABI, and CAC prevalence data by physical activity measures are presented in Table 3 . Among women and men, increasing total physical activity and moderate þ vigorous physical activity were significantly associated with more favorable IMT, ABI, and CAC measures. Intentional exercise was associated with thinner common carotid IMT and higher ABI in women but not with internal carotid IMT or CAC. In contrast, among men, intentional exercise was favorably associated with only ABI and was significantly associated with increased CAC. Walking pace was significantly associated with lower common carotid and internal carotid IMT, lower prevalence of CAC, and higher ABI in both men and women.
The results of multivariable analyses examining the association between type of physical activity and subclinical atherosclerosis are presented in Table 4 . After adjustment for model 1 variables, we observed no association between total physical activity, moderate þ vigorous physical activity, or intentional exercise and any measure except for the association between these measures and ABI in women. In contrast, walking pace remained associated with common carotid IMT after adjustment for model 1 variables in men and women; this association was attenuated and nonsignificant after adjusting for the additional factors in model 2 (Table 5) . After full adjustment, walking pace was associated with a lower internal carotid IMT in women. Walking pace remained associated with higher ABI in both men and women. A fast walking pace was marginally associated with a lower prevalence of CAC in women after adjustment for model 1 variables; the point estimate was similar, but significant for men. For men, walking pace remained favorably associated with CAC after full adjustment.
We did not find evidence in favor of an interaction between the 4 physical activity measures assessed and race/ ethnicity. In a sensitivity analysis, we limited the sample to only those 3,679 participants not taking medications for hypertension, diabetes, or dyslipidemia. We observed patterns similar to those in the full analysis, with the exception that, among women, increasing moderate þ vigorous physical activity was marginally associated with internal carotid IMT after full adjustment; the beta-coefficient for the highest category was À0.07 mm (95% confidence interval: À0.14, 0) and the P for trend was 0.04. For men, after full adjustment, moderate þ vigorous physical activity was associated with ABI; the beta-coefficient for the highest category was 0.03 (95% confidence interval: 0.01, 0.04) and the P for trend was <0.01.
DISCUSSION
Our results suggest that, among women and men aged 45-84 years and free of clinical cardiovascular disease, self-reported physical activity as assessed by a TWPAS is not associated with carotid or coronary atherosclerosis after taking into account potentially confounding variables. Various classifications of physical activity, be it total, moderate þ vigorous, or intentional exercise-related physical activity, did not appear to be reliably related to the amount of carotid or coronary atherosclerosis. We did observe a modest association of both moderate þ vigorous physical activity and intentional exercise with ABI in women. In addition, when we excluded those pharmacologically managing major cardiovascular disease risk factors, there was some evidence of an association between moderate þ vigorous physical activity and internal carotid IMT in women and ABI in men. In contrast, typical walking pace was associated with internal carotid and common carotid IMT and ABI in women and with common carotid IMT, ABI, and CAC in men, even after adjustment for sociodemographic factors and smoking. These associations were perhaps mediated by biologic risk factors.
The difficulty of capturing physical activity exposure via questionnaire has been extensively reviewed. Potential limitations include inaccurate participant recall, duration of the assessment period, arbitrary cutpoints for categorization, and potentially differential activities by gender or age (11) . Some also suggest that combining duration of physical activity with MET levels to produce composite scores may Physical Activity and Subclinical Atherosclerosis 449 not accurately reflect threshold effects (21) . For example, walking at a moderate intensity (2 METs) for a longer duration (60 minutes) may not be equivalent to walking at a more vigorous intensity (4 METs) for a shorter duration (30 minutes), yet both would yield the same score using our approach. Physical activity self-report surveys are subject to recall and social desirability bias (22) . Another consideration is potential confounding by indication because persons with diabetes, hypertension, and dyslipidemia may have been counseled to increase their physical activity, which may lead to either more physical activity or at least reporting more physical activity. The effect of these potential biases is likely misclassification and thus a diminished ability to detect significant associations between physical activity and subclinical disease. A further limitation is that temporality cannot be ascertained. In particular, it is plausible that advanced subclinical atherosclerosis leads to diminished ability to perform moderate þ vigorous physical activity, rather than the converse. There is evidence that cardiorespiratory fitness is an important predictor of cardiovascular disease burden and mortality and that fitness may be a better indicator of risk than amount of physical activity performed (23) . We hypothesize that typical walking pace may be a proxy for fitness in this survey, which may explain more consistent relations observed between walking pace and the atherosclerosis measures we investigated. Walking pace was associated with reduced coronary heart disease incidence independent of age, cardiovascular disease risk factors, and number of walking hours for men in the Health Professionals Followup Study (24) . A similar result was found for women in the Nurses' Health Study (25) . We are not aware of studies relating walking pace to IMT, ABI, or CAC in populationbased samples. It has been reported that, among those with peripheral arterial disease, a lower walking speed is associated with incident cardiovascular disease events (26) .
To place the small differences in IMT into perspective, a meta-analysis of observational studies suggests that a 0.10-mm common carotid artery IMT difference is associated with an increased risk of myocardial infarction (hazard ratio ¼ 1.14) and stroke (hazard ratio ¼ 1.17) (27) . For comparison, the observed differences in common carotid IMT between the highest and lowest category of physical activity or walking pace ranged from 0.04 mm to 0.08 mm. The differences in ABI and CAC found in the present study were also modest. However, differences that may be small, particularly from a clinical perspective (which is focused on individual patients), may be meaningful at a population level (28) . It is also possible that the effect sizes for IMT and ABI reflect shorter-term influences of physical activity on subclinical activity because the questionnaires assessed recent physical activity exposure. The associations initially observed were attenuated by adjustment for age, socioeconomic factors, tobacco use, and clinic site. A strong relation between socioeconomic status and leisure-time physical activity has been demonstrated (12, 29) , as has the relation between the local environment and physical activity (30) . The associations were further attenuated, and in most cases no longer significant, after further adjustment for traditional cardiovascular disease risk factors. Although these data are cross-sectional and thus do not provide evidence for mediation, it is plausible that the mechanism by which walking pace impacts atherosclerosis is via salutatory influences on factors such as glucose and lipid metabolism or blood pressure.
In the Cardiovascular Health Study of adults aged >65 years, greater intensity and duration of leisure-time physical activity over the prior 2 weeks was associated with a lower prevalence of low ABI among the cohort free of cardiovascular disease at baseline; however, these investigators did not find an association between either intensity or duration and carotid IMT (31) . Leisure-time physical activity was not related to carotid IMT in the NHLBI Family Heart Study, despite expected associations with risk factors such as body mass index and glucose (32) . In the Atherosclerosis Risk in Communities study (subjects aged 45-64 at baseline), no association was found between leisure-time or sports physical activity and carotid IMT; however, lack of occupational physical activity was associated with a higher carotid IMT (5). Follow-up of this cohort reported a lower risk of incident coronary heart disease for both men and women with increases in both sports and leisure physical activity but no association between occupational physical activity and coronary heart disease (33) .
In a volunteer sample of asymptomatic adults with at least 2 risk factors for metabolic syndrome, those who regularly engaged in long-duration physical activity had a lower prevalence of CAC than did those who were sedentary or participated in moderate-duration physical activity (8) . However, at least 2 other studies have reported no association between physical activity and CAC (9, 10) .
In addition to the limitations of physical activity assessment via survey discussed above, there are additional limitations to our analyses. The MESA TWPAS survey was adapted from a study that included only women; it is possible that this instrument is less valid for men. We did not explore race/ethnicity differences in the associations between physical activity and subclinical atherosclerosis because of smaller sample sizes for stratified analyses and therefore lower power. However, we did not find evidence of significant interactions between the physical activity measures and race/ethnicity.
These results suggest that walking pace is associated with subclinical atherosclerosis, which may account for the association between walking pace and incident cardiovascular disease. We do not interpret our findings as suggesting that intensity or duration of physical activity is not important. However, the associations we found were modest, and other mechanisms may also be contributing factors to cardiovascular benefit beyond atherosclerosis, such as the effect of physical activity on myocardial function, coronary artery size and vasodilatory capacity, vascular tone, and vulnerability to arrhythmias (4) . There is also evidence that increased leisure-time physical activity is associated with reduced levels of several inflammatory markers including C-reactive protein and fibrinogen (34) . A recent joint American College of Sports Medicine/American Heart Association guideline suggests that ''all healthy adults aged 18-65 yr need moderate-intensity aerobic physical activity for a minimum of 30 min on five days each week or vigorous-intensity aerobic activity for a minimum of 20 min on three days each week. Combinations of moderate-and vigorous intensity activity can be performed to meet this recommendation'' (35, p. 1423) . These results of our study support encouraging sedentary adult men and women to increase their physical activity and to walk at a brisker pace, and they suggest such activity may have beneficial effects on atherosclerosis.
